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ABSTRACT 
 
Otitis media with effusion (OME) in children and obstructive sleep apnoea (OSA) in adults 
are common conditions in medicine. Several surgical and non-surgical methods have been 
suggested for treatment of these diseases. However, to find an appropriate treatment option is 
a challenging task for the clinician and many patients do not have an optimal treatment for 
their disease. In this thesis two new non-invasive treatment options were developed and 
evaluated. Papers 1 and 2 deal with OME in children and papers 3 and 4 concern OSA in 
adults. 
 
Paper 1 deals with the development of a new device for autoinflation and evaluation of the 
effect on OME. In a pilot study, the effect of the new device on middle ear pressure was 
studied in 21 children with persistent OME. In the treatment group 83% of the ears were 
considered to be responders compared to 30% improvement in the control group during the 
follow up period. 
 
Paper 2 was a randomised controlled cross-over study evaluating the effect of the new method 
for autoinflation, with respect to middle ear pressure and hearing thresholds in 45 children 
with persistent OME awaiting grommet surgery. After four weeks of treatment the mean 
middle ear pressure and the mean hearing thresholds were improved by 166 daPa and 6 dB 
hearing level respectively compared to non-significant alterations in the control group. After 
the cross-over of the control group to treatment, equivalent improvements were achieved. 
After four weeks of treatment in both groups only four of the 45 included children were 
operated with grommet due to persistent disease. Both groups were followed up during 
additional 10 months whereby another five children were submitted to grommet surgery due 
to disease recurrence. Compliance was satisfactory with all the children performing the 
manoeuvre. 
 
Paper 3 concerns evaluation of the effect of the prone sleeping position on severity of disease 
in OSA with polysomnograpic (PSG) and polygraphic (PG) sleep studies. During the two-
night study, first on a normal mattress with optional positioning and then on a mattress and 
pillow facilitating prone positioning, the median apnoea-hypopnoea index (AHI) was reduced 
from 23 to 7 and the oxygen desaturation index (ODI) from 21 to 6. This improvement was 
achieved by a reduction in the supine and an increase in the prone sleep time. 
 
Paper 4 was an evaluation of the four-week compliance and the effect of the mattress and 
pillow for prone positioning (MPP) on severity of disease in OSA patients evaluated by PSG. 
The mean AHI and ODI were reduced from 26 and 21 to 8 and 7 respectively with the MPP. 
This was achieved with no significant disruption of the sleep architecture and  satisfactory 
compliance in the four-week study. 
 
Keywords: Otitis Media with Effusion; Secretory Otitis Media; Autoinflation; Obstructive 
Sleep Apnoea; Positional Therapy; Conservative, Non-invasive, Non-surgical Treatment 
Methods  
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INTRODUCTION 
 
The continuous search for new methods to treat diseases emanates from the 
fundaments of the medicine. Two frequent conditions in the clinical everyday life of 
an otorhinolaryngologist are otitis media with effusion (OME) and obstructive sleep 
apnoea (OSA). Treatment options for these conditions include surgical interventions 
under general anaesthesia. Recent national and international recommendations plead 
for implementation of conservative treatments for these diseases1-3. However, 
previous non-surgical methods have shown to have a variable success rate regarding 
efficiency and/or compliance in treating the patients suffering from the mentioned 
conditions4-9.  
 
Otitis media with effusion (OME) is caused by accumulation of fluid in the middle 
ear, without the signs or symptoms of an acute inflammation or infection10-12. OME is 
the most common cause of hearing impairment in children and is the most common 
causes of surgical intervention under general anaesthesia in children13. The hearing 
impairment can vary and may cause delay in speech development14,15. 
 
Historical evidence indicates that surgical treatment to re-establish the middle ear 
ventilation via myringotomy, has been performed during the past centuries16. An 
alternative method, i.e. autoinflation, is based on opening of the eustachian tube, by 
forced introduction of air either by the Valsalva manoeuvre or the Politzer 
method17,18.  Despite proved efficiency autoinflation has had limited success in 
treatment of OME in children mainly due to limited compliance19.  
 
Two consecutive Cochrane reports on autoinflation give a relatively weak 
recommendation on the use of autoinflation for treatment of OME9,20.  Due to the high 
rate of spontaneous resolution of the disease and the costs and complications 
associated with the surgical treatment, “watchful waiting” has been recommended as 
the first line of treatment13,21. The practical dilemma is to allow a child to have a 
hearing disability during this period of “waiting” with no reliable conservative 
treatment options. 
 
 “Five billion people go through the cycle of sleep and wakefulness everyday, 
relatively few of them know the joy of being fully rested and alert all day long”22. An 
interesting statement by William Dement, which may draw the attention towards the 
prevalence of OSA in the society. Indeed with increasing age many people will 
eventually develop snoring and possibly also OSA23. 
 
Obstructive sleep apnoea syndrome (OSAS) affects about 2-4%23 of the population 
and is defined by repetitive total or partial upper airway collapses, which reduce the 
airflow, despite respiratory effort24. OSAS causes fragmented sleep due to repetitive 
awakenings and is associated with an increased risk of excessive daytime sleepiness, 
cardiovascular diseases and traffic accidents25-27. 
 
After the introduction of uvolopalatopharyngoplasty (UPPP) in Sweden in the 1980's, 
this method was the dominating treatment during about a decade. A recent 
recommendation from the American college of physicians and also the Swedish 
Council on Health technology Assessment (SBU) emphasize Continuous Positive 
Airway Pressure (CPAP) as the gold standard of treatment and the Mandibular 
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treatment options. 
 
 “Five billion people go through the cycle of sleep and wakefulness everyday, 
relatively few of them know the joy of being fully rested and alert all day long”22. An 
interesting statement by William Dement, which may draw the attention towards the 
prevalence of OSA in the society. Indeed with increasing age many people will 
eventually develop snoring and possibly also OSA23. 
 
Obstructive sleep apnoea syndrome (OSAS) affects about 2-4%23 of the population 
and is defined by repetitive total or partial upper airway collapses, which reduce the 
airflow, despite respiratory effort24. OSAS causes fragmented sleep due to repetitive 
awakenings and is associated with an increased risk of excessive daytime sleepiness, 
cardiovascular diseases and traffic accidents25-27. 
 
After the introduction of uvolopalatopharyngoplasty (UPPP) in Sweden in the 1980's, 
this method was the dominating treatment during about a decade. A recent 
recommendation from the American college of physicians and also the Swedish 
Council on Health technology Assessment (SBU) emphasize Continuous Positive 
Airway Pressure (CPAP) as the gold standard of treatment and the Mandibular 
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Advancement Device (MAD) as an alternative therapy1,2. Due to insufficient evidence 
regarding UPPP, this treatment option has not been recommended1,2,28. CPAP and 
MAD have shown to be insufficient to treat all the patients suffering form OSA due to 
limited compliance and/or efficiency, leaving many patients with no other reliable 
treatment option4-7. 
 
 
Thesis outline 
 
The difficulties in finding “the right” conservative treatment option for children with 
persistent OME and adults with OSA is a moral and practical dilemma for the 
clinician. Current recommendations for treatment are based on the scientific evidence 
regarding each treatment modality.  
 
One never becomes really aware of the consequences of a certain medical condition 
and the practical problems related to the treatment options before a personal close-
encounter. Snoring and sleep apnoea are indeed conditions that compromise the 
patient, the spouse and also the society. In the author´s case, living with a spouse 
suffering from upper airway resistance syndrome (UARS), with inability of 
adaptation to the current treatment options was a wake-up call to start this thesis and 
to try to develop an alternative solution for snoring and OSA.  
 
Another inspiration for the development of an alternative treatment for persistent 
OME came from the parents demanding a safe, non-surgical solution, which 
permitted rapid treatment initiation and disease resolution. Indeed “watchful-waiting” 
for 3-6 months and/or surgical intervention under general anaesthesia are not 
acceptable options for many parents. The conclusions regarding the high rate of 
spontaneous resolution29-31 or unaltered quality of life at long-term follow-ups32, do 
not exclude the possibility that many children may suffer from their disease during the 
“watchful waiting” period. 
 
At an initial phase an extensive literature search including the Pubmed, Cochrane 
library, Google and also patent databases was performed to identify the existing 
treatment options in both diseases. With the obvious risk of “not seeing the wood 
because of the trees”, it was also essential to “go back to the origins” and study the 
pathophysiological bases of each disease to predict possible effect of any new 
treatment alternative.  
 
The studies in the thesis are based on original ideas and include the development of 
two non-invasive treatment methods for OME (Device for Equalisation of the 
Pressure in the Middle Ear, WO/2012/053970) and OSA (Pillow and Mattress for 
Reducing Snoring and Sleep apnoea, WO/2012/057682). Papers I & II deal with 
OME including description, and testing of the device for autoinflation in children with 
persistent OME. Papers III & IV deal with evaluation of the effect of the prone 
sleeping position on the severity of disease in patients with OSA, introducing a new 
mattress and pillow facilitating prone positioning.  
 
In this thesis the words conservative and non-invasive are used as synonyms for non-
surgical and the abbreviation dB (decibel) as synonym for dB HL (decibel hearing 
level). 
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HISTORICAL BACKGROUND 
 
The history of a non-surgical treatment for maintenance of a “healthy” middle ear by 
autoinflation goes at least back to the 1700th century. Antonio Maria Valsalva (1666-
1723) described the communicating tubal structure between the middle ear and the 
nasopharyx and named it after the Italian anatomist Bartolomeu Eustachi17. Valsalva 
described also a manoeuver consisting of performance of forced nasal expiration with 
the nose and the lips sealed, i.e. the Valsalva manoeuver. Even though the manoeuver 
proved to be efficient in improving the negative pressure in the middle ear, it did not 
gain ground for the treatment of OME in children due to the difficulties in 
performance for young children.  
 
The Politzer method of inflation, was developed by the Hungarian physician Ádám 
Politzer (1835-1920), as an tentative to overcome the difficulties associated with 
autoinflation by the Valsalva manoeuvre18. The Politzer method involves inserting the 
tip of a rubber air bulb into one nostril, while sealing the other nostril, the rubber bulb 
is squeezed while the patient swallows causing tubal opening 33 (Figure 1). Due to the 
uncontrolled pressure produced by the pump and the subsequent discomfort and/or 
pain associated with the procedure, limited collaboration was achieved from the child. 
The classical Politzer procedure was in use during the 20th century33 but has mostly 
been abandoned during the last decades.  
 
 
     
 
Figure 1 
Left: the classical Politzer pump 
Right: A child blowing up a carnival balloon  
(Images from Mudry 2000 and Hunt-Williams 1968) 
 
 
 
In 1968 Hunt-Williams presented a new method for autoinflation in children 
involving a plastic end-piece connected to either a carnival toy or a balloon (Figure 
1). The plastic end piece was adapted to a nostril and whilst the other nostril was 
occluded the child was instructed to blow his/her nose34.  The method was later 
refined and presented as the Otovent© device by Stangerup35. Even though beneficial 
effect has been observed, compliance has been a problem, especially in young 
? ? ?
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children19. 
 
The Cochrane reports in 2006 and 2013 evaluating the previous autoinflation methods 
gave a relatively weak recommendation for the use of this line of treatment in children 
with OME 9,20. The recommendation was based on the existing studies being of short 
treatment and follow-up time with the lack of adequate hearing evaluation.  
 
 
 
DEFINITIONS 
 
Otitis media with effusion (OME) consists of accumulation of fluid in the middle ear, 
in the absence of signs or symptoms of an acute inflammation or infection10,11. OME 
is the most common cause of acquired hearing loss in childhood10. The hearing loss 
may be significant particularly when the disorder is bilateral and has lasted for more 
than a month36. OME may have linguistic, developmental, behavioural and other 
social consequences, particularly if the effusion is bilateral and of long duration11,14,37. 
 
 
 
EPIDEMIOLOGY 
 
It is difficult to estimate the exact prevalence and incidence of OME in children.  The 
disease is common between the ages of one and three years and in seasons when there 
is a high incidence of the common cold. The cumulative incidence to the age of four 
years is approximately 80%38 and at age seven the prevalence is still 3% to 8%36,39. 
  
The Swedish council on health technology assessment (SBU) reports an annual 
incidence of 400.000 children affected by OME in Sweden with a population of 10 
million inhabitants21.  Almost two thirds of the cases are believed to heal within a 
month and approximately 90% within 6 months21. The SBU also reports that 
approximately 10.000 children undergo grommet surgery per year in Sweden of 
which about 75% with the indication longstanding OME21. According to these 
statements many children have OME during several months with no specific 
treatment, 40.000 children have longstanding OME with disease duration ? 6 months, 
of which < 20% receive active treatment with grommets.   
 
 
 
PATHOPHYSIOLOGY 
 
The exact aetiology of OME is uncertain, but microbial load, upper respiratory tract 
infection, acute otitis media, adenoid hypertrophy, and the immune response appear to 
play an important role12,30,40. However, most of the hypotheses regarding the 
pathophysiology of OME seem to include eustachian tube dysfunction. 
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play an important role12,30,40. However, most of the hypotheses regarding the 
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Anatomy of the eustachian tube 
 
The middle ear communicates with the nasopharynx through the eustachian tube. 
(Figure 2). The eustachian tube consists of cartilage, surrounding soft tissue, peritubal 
muscles (i.e. tensor veli palatini, levator veli palatini, salpingopharyngeus and tensor 
tympani) and a superior bony support41.  
 
 
 
Figure 2 
The anatomy of the ear 
(Image from Deposit photos) 
 
 
 
The eustachian tube in young children is short, floppy, more horizontal and therefore 
functions poorly 42. These anatomical considerations are believed to cause the high 
prevalence of OME in young individuals . Maturation of the tube is a gradual process, 
which explains the infrequency of OME after the age of 7 years 43,44. 
 
 
Physiology of the eustachian tube 
 
The eustachian tube plays an important role in maintaining the middle ear healthy42,45. 
The three principal functions attributed to the eustachian tube are pressure regulation, 
protective function and clearance of secretions. In an intact normal middle ear, the 
eustachian tube is the only “ventilation canal”, equilibrating the pressure between the 
middle ear and the ambient air 42,46. The tube is usually collapsed but a physiological 
pressure equalization of the pressures is produced by contraction of the tensor veli 
palatini muscle during swallowing, leading to an intermittent active opening of the 
tube47,48. The eustachian tube has also shown to “pump” liquid out of the middle 
ear47,49. Clearance of secretions from the middle ear is provided by the mucociliary 
system of the eustachian tube and the middle ear mucous membrane42,50.  
 
Several processes are recognised to cause a dysfunction of the tube. A narrowing or 
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obstruction of the eustachian tube may be caused by inflammation secondary to  
upper airway infection51-53, allergy54 or by a tumour or hypertrophic adenoid mass55,56. 
Even though the prevalence of gastroesophageal reflux disease in children with OME 
is reported to be higher than the overall prevalence for children, a cause-effect 
relationship has not been fully confirmed57. 
 
Middle ear effusion 
 
A study by Bylander et al. study revealed that 36% of the otologically healthy 
children could not equilibrate an applied negative intratympanic pressure by 
swallowing, whereas only 5% of the adults were unable to perform this58. Young 
children between 3 and 6 years had apparently worse function than those of ages 7 to 
12 years58. Hence eustachian tube function seems to be reduced even in otologically 
normal children and an improvement of function is observed with increasing age.   
 
One of the most established theories regarding the development of the effusion, 
postulate that the eustachian tube dysfunction causes a gas exchange from the middle 
ear into the microcirculation of the mucous membrane leading to a negative pressure 
in the middle ear, followed by transudation and effusion59,60.  
 
Several mechanisms seem to coexist causing a persistent middle ear effusion. 
Stimulation of cytokines from inflammatory cells in the middle ear mucosa61,62, 
followed by up-regulation of the submucosal receptors and the stimulation of the 
inflammatory mediators63 may promote fluid leakage from the mucous membrane. A 
subsequent increase in blood flow within the mucous membrane, caused by 
vasodilatation and angioneogenesis, may result in further negative pressure and 
persistent middle ear effusion64.  
 
 
 
DIAGNOSTIC MEASUREMENTS AND METHODS 
 
The recommended technique for the diagnosis of OME is otomicroscopy or 
pneumatic otoscopy in combination with tympanometry13,21. For objective evaluation 
of hearing impairment, pure tone audiometry (PTA) or sound field audiometry (SFA) 
is performed.  
 
 
Pneumatic otoscopy/otomicroscopy 
 
The experience of the examiner seems to influence the reliability in detection of 
OME.  In some studies binocular microscopy performed by staff paediatric 
otolaryngologist demonstrates the best test reliability compared with both pneumatic 
otoscopy and tympanometry65,66. Pneumatic otoscopy is reported to have a higher 
sensitivity to detect middle ear effusion than tympanometry67 and is reported to be the 
most accurate method when combined with tympanometry21. 
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most accurate method when combined with tympanometry21. 
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Tympanometry 
 
Tympanometry is typically performed with a handheld device to assess the acoustic 
energy transfer through the middle ear system. The standard tympanometry probe 
tone frequency is 226 Hz (as applied in papers 1 & 2), although many additional 
probe frequencies may be applied68. 
 
Energy transfer in the normal middle ear is maximal at atmospheric pressure (0 daPa) 
and is reduced at air pressures that produce stiffening of the middle ear system69. With 
a reduced mobility of the tympanic membrane due to accumulation of liquid within 
the middle ear, the tympanometry may present a flat curve with a relative gradient 
less than 0.1, type B, or a curve with a middle ear pressure between -399 to -200 
daPa, type C270,71 (Figure 3). Type A and C1 tympanograms are not considered to 
represent otitis media with effusion. Tympanometry has high specificity but relatively 
low sensitivity as a diagnostic test for OME 67. 
 
 
 
Figure 3 
Tympanogram types A, B and C 
 
 
 
Threshold audiometry 
 
One of the frequently used methods for hearing evaluation is the pure-tone 
audiogram. Hearing thresholds may also be measured by speech stimuli. The 
developmental age of the child determines the appropriate examination in order to 
establish the hearing thresholds72. For young children the procedures should be 
modified to meet the developmental demands e.g. with conditioned play audiometry73 
(as applied in paper 2). For detection of accurate thresholds, the examination should 
be performed in sound isolated chambers74 (as performed in paper 2). 
 
Pure-tone audiometry 
 
For the assessment of hearing thresholds, pure-tone audiogram is used. The hearing 
thresholds are measured separately in each ear for pure-tone signals, which are single-
frequency tones generated electronically and transduced through an earphone (air 
conduction) or vibrator (bone conduction)75.  
A threshold is defined as the lowest decibel hearing level (dB HL) at which responses 
occur in ? 50% of a series of ascending trials73. The generally tested frequencies are 
? ? ?
? ???
250, 500, 1.000, 2.000, 3.000, 4.000, 6.000 and 8.000 Hz and the classification of the 
degree of hearing loss is usually based on the mean air conduction pure-tone 
thresholds at 500, 1000, and 2000 Hz also called pure tone average (PTA 512)73.  
 
Sound field audiometry 
 
Hearing assessment by sound field audiometry can be appropriate in young children 
and adults that do not collaborate in the performance of pure tone audiometry76. By 
this test method the stimuli are presented by a loudspeaker, which involves several 
additional factors, which may influence the sound intensity within the field and 
subsequently the listener´s perception. These factors include the noise level and the 
acoustic characteristics in the test room, the position and the distance of the test 
subject to the loud-speaker as well as the acoustic properties of the test signal76.  The 
test result is not ear specific and is generally interpreted as the best hearing ear72 (as 
applied in paper 2). 
 
 
 
TREATMENT OPTIONS 
 
OME has a high rate of spontaneous resolution with several reports indicating an 
approximate resolution of 20% in one month and 40% in three months29-31 The 
Swedish SBU reports an even higher spontaneous resolution of OME with two thirds 
healing within a month and 90% within 6 months21.  Based on the self-limited nature 
of most OME, current clinical practice guidelines recommend watchful waiting for at 
least 3 months in otherwise healthy children13,21,77,78.  
 
 
Grommets 
 
The insertion of grommets into the eardrum under general anaesthesia is the most 
common paediatric surgical procedure and is associated with considerable health care 
costs32,78. The primary indication is restoration of normal hearing in children with 
long-standing bilateral OME21. Even though controversial, grommets are also used in 
the prevention of recurrent acute otitis media21.  
 
The grommet operation consists typically of an anterior inferior myringotomy, with or 
without aspiration of the middle ear fluid and insertion of a ventilation tube79. The 
rationale for the procedure is to improve ventilation and pressure regulation in the 
middle ear12. There is a remarkable variation in the frequency of the operation, both 
between countries and between different districts in the same country80,81.  For 
example, In Sweden, roughly 10.000 children receive grommets annually. The annual 
rate per 1000 children is about 2-3 times higher in Denmark and the Netherlands 
compared to Sweden and Norway.  
 
A 2010 Cochrane review of 10 randomised controlled trials (RCT) concluded that 
tubes are beneficial for the outcome of hearing in the short term, but the size of the 
benefit diminishes after 6 to 9 months with no differences seen at 12 and 18 months3. 
The Swedish SBU report finds strong evidence that tympanostomy tubes improve 
hearing and quality of life in the short term (up to 9 months) with no detectable long-
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of most OME, current clinical practice guidelines recommend watchful waiting for at 
least 3 months in otherwise healthy children13,21,77,78.  
 
 
Grommets 
 
The insertion of grommets into the eardrum under general anaesthesia is the most 
common paediatric surgical procedure and is associated with considerable health care 
costs32,78. The primary indication is restoration of normal hearing in children with 
long-standing bilateral OME21. Even though controversial, grommets are also used in 
the prevention of recurrent acute otitis media21.  
 
The grommet operation consists typically of an anterior inferior myringotomy, with or 
without aspiration of the middle ear fluid and insertion of a ventilation tube79. The 
rationale for the procedure is to improve ventilation and pressure regulation in the 
middle ear12. There is a remarkable variation in the frequency of the operation, both 
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A 2010 Cochrane review of 10 randomised controlled trials (RCT) concluded that 
tubes are beneficial for the outcome of hearing in the short term, but the size of the 
benefit diminishes after 6 to 9 months with no differences seen at 12 and 18 months3. 
The Swedish SBU report finds strong evidence that tympanostomy tubes improve 
hearing and quality of life in the short term (up to 9 months) with no detectable long-
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term effects on language, speech development and cognitive or quality-of-life 
outcomes32.  
 
 
Adenoidectomy 
 
In a systematic review from 2014 Wallace et al. compared adenoidectomy to 
grommets, myringotomy or watchful waiting in children with OME82. 
Adenoidectomy alone or as an adjunct to myringotomy, reduced OME and improved 
hearing in comparison with either myringotomy or watchful waiting. 
 
 
Autoinflation 
 
“Autoinflation” refers to the opening and forcing of air through, the eustachian tube 
by the raising of intranasal pressure9. This may be achieved by several different 
methods. The aim of these procedures is to introduce air into the middle ear, via the 
eustachian tube, equilibrating the negative middle pressure.  
 
The most important techniques for autoinflation were presented in the historical 
background section. The Cochrane reviews from 2006 and 2013 concluded that the 
overall effect of autoinflation for treatment of OME in children is conflicting but may 
be suggestive of clinical benefit in the short term and that the type of device for 
autoinflation may influence the treatment outcome9,20.  
 
 
Other treatment options 
 
The most common medical treatment options include decongestants, mucolytics, 
steroids, antihistamines and antibiotics. Antihistamins and descongestants are 
ineffective for OME and not recommended for treatment83. Antibiotics and 
corticosteroids do not have long-term efficacy and are not recommended for routine 
management of OME either84.  
 
 
    
BACKGROUND OF THE HYPOTHESIS 
 
Several contributing factors to the development and persistence of OME in children 
have been identified and most of the pathophysiological explanation models include 
an eustachian tube dysfunction. Several methods for non-surgical ventilation of the 
middle ear, i.e. autoinflation, have been developed and tested17,18,33-35,85. However, no 
conservative method has gained sufficient ground to be recommended as the first line 
of treatment before surgical intervention.  
 
The study of previous methods of autoinflation was essential to identify the possible 
modifications needed for improved treatment outcome. The classical Valsalva 
manoeuvre17, is difficult to perform for most children86 and also many adults. 
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Different devices have therefore been developed to help children equalize the 
negative pressure in the middle ear.  
 
The Politzer method of autotinflation18 has shown to be efficient in equilibrating the 
negative pressure in the middle ear33,85, however due to the associated discomfort the 
procedure is not frequently used in clinical practice. 
 
The Otovent® method of autoinflation produces primarily a modified Valsalva 
effect35.  This method involves a plastic end-piece covered with a balloon on one end 
and adapted to one nostril with the other. While holding the other nostril closed, the 
patient is instructed to close the mouth and inflate the balloon through the nose in 
order to increase the intranasal pressure and open the eustachian tube. The method is 
practically difficult to perform in young children19 and may cause discomfort and/or 
pain. 
 
Another device for autoinflation is the Earpopper®87,88, which is based on a modified 
Politzer manoeuvre.  This method involves an automated airpump. The device is 
adapted to one nostril and while holding the other nostril closed, air is pumped into 
the nose to increase the intranasal pressure87. This device is recommended from four 
years of age and is not commercialized in Sweden.   
 
All the previously described methods are based on either the Valsalva or the Politzer 
methods and are in general difficult or uncomfortable for the young child to perform. 
An optimal OME treatment should take into account the point of view of a young 
child typically 2-4 years old. The treatment should combine high efficiency in 
ventilating the middle ear with no associated discomfort or other adverse effects, 
implemented as an amusing toy in order to fulfil satisfactory compliance and 
repeatability in case of disease recurrence. 
 
 
 
HYPOTHESIS AND AIMS 
 
One of the aims of the present thesis was to develop and study the effect of a non-
invasive device in treatment of OME in children. A summary of the major research 
hypothesis is presented below. 
 
 
Is autoinflation efficient for treatment of young children with 
persistent OME? 
 
Several of the previous methods of autoinflation were able to show improvement in 
the severity of disease. Nevertheless, inclusion of children with disease duration < 3 
months, the lack of adequate hearing evaluation and long-term follow-up and also the 
difficulties in the application of the treatments in young children caused a diversion in 
the acceptance of these treatments by the clinicians and the patients.  
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What caused the limited success in the previous methods and how 
can they be avoided? 
 
Previous autoinflation methods were based on either the Valsalva manoeuvre or the 
Politzer method. The limitations in these methods were identified and a new device 
was developed to enable a combined modified Valsalva-Politzer effect, with the 
objective of increasing efficiency and compliance and also avoiding complications 
even in the youngest children. The new device was presented as a funny toy. 
 
 
What is the short versus long-term efficiency and compliance with 
the new device in children with persistent OME? 
 
The effect of any new treatment is the result of a combination of several controllable 
and uncontrollable factors that may influence on the end outcome. The new method 
and device for autoinflation needed clinical testing with elimination/reduction of the 
confounding factors and evaluation of the short- and long-term effects regarding 
middle-ear pressure and hearing. A randomised controlled trial with a cross-over  
setting and a total follow-up time of 12 months was performed. 
 
 
 
PAPER SUMMARIES 1 & 2 
 
This chapter will primarily deal with general aspects of the applied methodology and 
the achieved results in the papers 1 and 2 regarding OME. Some of the most crucial 
steps in the development of the new treatment will be illustrated. For detailed research 
protocol and results regarding each experiment, the reader is referred to the respective 
manuscript. 
 
 
Material and methods 
 
Development of a new device for autoinflation 
 
A new autoinflation device (Figure 4) for home treatment of children with persistent 
OME was created. The device was developed to enable a combination of the Valsalva 
manoeuvre and the Politzer method. 
 
The device consisted of (1) an inflatable facemask, (2) a T-shaped junction tube 
connecting at one end to the facemask, another end to (3) a balloon and the third end 
to (4) a handheld pump. The pump was covered by (5) a teddy bear in order to 
improve compliance in young children. 
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Figure 4. The device for autoinflation consisting of (1) a facemask, (2) a T-shaped junction tube, (3) a 
balloon, (4) a handheld pump and (5) a teddy bear. 
 
 
 
The inflatable facemask was used to cover the nose and mouth of the child, with 
individual adaptations in size. The parent helped the child to adapt the facemask in 
order to avoid air leakage during the manoeuvre.  The balloon was implemented for 
pressure regulation and visual feedback on a correct manoeuvre to the child and the 
parent. The balloon functioned also as an air reservoir producing a counter-pressure 
for a few seconds. Three different balloons with the respective opening pressures of 
20 ± 3, 40 ± 2 and 60 ± 5 cm H2O were used.  
 
With the mask adapted to the face, the child could still inspire through the system 
with little or no resistance. Whenever the child expired with the mask adapted, the air 
would be captured within the system and would cause an increase in the pressure, 
which would blow up the balloon. The fact of covering both nose and mouth 
permitted the child to choose to whether inflate through the mouth or the nose. As 
long as the mask was held in place a pressure increase in nasopharynx could be 
expected.  
 
The handheld pump with a total volume of 250 ml was also incorporated into the 
device. The pump, covered by a teddy bear, was used to introduce air into the system, 
facilitating the inflation of the balloon whenever necessary. To control the pressure 
produced by the handheld pump, a safety valve of 40 cm H20 was installed in the 
system. The child would be able to blow up balloons with different opening pressures 
(? 60 ± 5 cm H2O) via the facemask, but any pressure exceeding 40 cm H2O produced 
by the pump would activate the safety valve. The compliance in the balloon provided 
another security mechanism, limiting the maximum pressure produced in the system. 
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Figure 5 
A three-year old child using the new device for autoinflation 
 
 
 
The balloons with the lowest pressure were initially used to help the child become 
familiar with the device. Within the first day of treatment, the balloon type was 
changed to another one with opening pressure of ? 40 cm H2O. The parents were 
advised to replace the balloons each day in order to maintain the desired pressure 
during the treatment. Middle-ear ventilation was considered to have taken place if the 
child mentioned symptoms such as mild transient discomfort, sensation of air, water, 
alteration in hearing or a crackling sound in one or both ears. The final balloon type 
chosen for treatment was determined when the child mentioned one or several of the 
above-mentioned symptoms. 
 
The combined modified Valsalva-Politzer effect 
 
By inflating the balloon with the mask adapted, the child would achieve a modified 
Valsalva effect. Pumping air into the system would produce a modified Politzer 
effect. Both effects were mediated by the resistance and the compliance in the 
balloon(Figure 5). Another method facilitating middle ear ventilation by the act of 
tensor veli palatini muscle47,48 ,was to ask the child to swallow with the mask adapted 
and the balloon inflated. This procedure required a certain level of coordination and 
collaboration from the child and was not applied as a standard procedure in the 
studies. 
 
In paper 1 tympanometry and otomicroscopy were performed at inclusion and after 
four weeks. In paper 2 audiometry, tympanometry and otomicroscopy were performed 
at inclusion and after one, two, six and 12 months. During the follow-up period, when 
a new episode of OME was detected, a control was scheduled within eight weeks and 
in case of persistent OME, a new four-week period of treatment was initiated.  
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Diagnostic methods 
 
By otomicroscopy, the position and morphology of the tympanic membrane and the 
presence of liquid or gas bubbles in the middle ear were compared before and after 
the treatment. The tympanometric equipment used was a Grason-Stadler GSI 33, 
Version 2 Middle-Ear Analyser, with a probe frequency of 226 Hz. An improvement 
(but not normalisation) in the tympanometric findings was defined as the number of 
ears converting from a type B to a type C2 tympanogram. Normalisation was defined 
as conversion from a type B or C2 to a type C1 or A tympanogram70,71. Pure tone 
audiometry was performed in all children, except for those that would not collaborate 
in the performance of this examination. These children performed sound field 
audiometry instead. The pure tone average of the frequencies 500, 1.000 and 2.000 Hz 
were measured for the left and right ears in each child and the value for the best ear is 
presented in the results. When sound field audiometry was performed, the achieved 
values were assumed to represent the best hearing ear. All presented thresholds are in 
decibel hearing level and are abbreviated to dB. The examinations were performed in 
an approved audiometric test booth, provided by CA Tegnér AB, Sweden. 
 
 
Results 
 
In paper 1, the pressure necessary to ventilate the middle ear was determined to be 40-
60 cm H2O in most children.  Thirty-one children (62 ears), with persistent bilateral 
OME for at least three months, were divided into a treatment and a control group. In 
the treatment group the middle ear pressure was normalized in 52% and improved in 
31% of the ears whilst in the control group the middle ear pressure was normalized in 
15%, improved in 15% and deteriorated in 10% of the ears (p < 0.001).  
 
In paper 2, 45 children, with persistent OME with a bilateral type B or C2 
tympanogram for at least three months and history of subjective hearing loss, awaiting  
grommet surgery, were randomised to a treatment and a control group. In the 
treatment group the mean middle-ear pressure for both ears and the mean hearing 
thresholds for the best ear improved by 166 daPa (p < 0.0001) and -6 dB (p < 0.0001) 
respectively after four weeks, while, in the control group, non-significant alterations 
were observed. After the cross-over of the control group to treatment, equivalent 
improvements in the mean middle-ear pressure and the mean hearing thresholds of 
respectively 187 daPa (p < 0.0001) and -7 dB (p < 0.01) were achieved also in this 
group. After treatment in both groups at eight weeks, four of 45 children were 
submitted to grommet surgery. At the end of the study at 12 months, 36 children 
(80%) had not been operated with grommets.  
 
In both studies all children managed to perform the manoeuvre and no side effects 
were neither reported nor detected. 
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Discussion 
 
In paper 1, a new device for autoinflation was developed to enable a combination of 
the Politzer and the Valsalva manoeuvres. The child could inflate the balloon to 
produce a modified Valsalva and by activating the pump a modified Politzer effect 
could be achieved. The balloon functioned as pressure regulator and reservoir to 
maintain the high pressure in addition to providing visual feedback. Covering the 
pump with a teddy bear most probably improved compliance. The results in this pilot 
study were suggestive of middle ear ventilation in children with persistent OME. 
 
In paper 2 an effort was made to respond to some of the demands in the recent 
Cochrane report9. All children were evaluated by otomicroscopy, tympanometry and 
audiometry with a treatment time of four weeks in each group and a total follow-up 
time of 12 months. The device seemed to improve both middle-ear pressure and 
hearing thresholds in most children after four weeks of treatment. The device was 
well tolerated, even in young children, with no complications reported.  
 
 
Conclusions 
 
A new device for autoinflation was developed and tested. The device seemed to be 
efficient in ventilating the middle ear in most children with persistent OME. The 
combined Valsalva-Politzer manoeuvre seems to have a beneficial effect on treatment 
outcome and compliance in young children. The presentation of the treatment as a toy 
most probably improved the compliance. Future studies are needed to confirm these 
results. However, due to the non-invasive character, it might be possible to consider 
this method of autoinflation in children with persistent OME during the watchful 
waiting period.  
 
 
Future perspectives 
 
Future studies should have as objective to include a larger sample size in a multi-
centre setting. This method of autoinflation should be compared with grommets and 
watchful waiting with respect to middle ear pressure, hearing threshold and quality of 
life. A comparative study of the socioeconomic aspects of the different treatment 
options would be of interest.   
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HISTORICAL BACKGROUND 
 
Sleep is a vital biological function that comprises approximately 1/3 of the life of the 
human being. Mysteries regarding sleep and dreams have played a central role in the 
history of the mankind. One of the first descriptions of snoring as a medical condition 
during sleep, is from the 11th century in The Canon of Medicine by the Persian 
physician Avicenna (980-1037). Avicenna recognized snoring as a condition related 
to airway obstruction and suggested treatment options based on herbal therapy89. The 
Canon of Medicine was a standard medical text at medieval universities in Europe 
many centuries after Avicenna´s death. 
 
The description of electrical potential changes in the brain by Richard Caton (1842-
1926)90, and the recording of the cortical electrical activity from the scalp, later 
known as electroencephalogram (EEG), by Johannes Berger (1873-1941)91 were 
important steps in neurology and sleep research. Rechtschaffen and Kales 
standardized the criteria for staging sleep with polysomnography in 196892. 
 
The most cited literary description of snoring and sleep apnoea is probably by Charles 
Dickens (1812-1870) in the Posthumous Papers of the Pickwick Club93. Dickens 
described a fat boy called Joe who was a habitual snorer and suffered from 
somnolence. The term Pickwickean was coined by Heath in the late 19th century 
during a clinical presentation to describe overweight and breathing difficulties during 
sleep94. In the 1960´s, two research groups, Gastaut et al. and Jung et al. published the 
first papers regarding sleep apnoea95. 
 
It was not until late 20th century that snoring and OSA were considered as serious 
medical conditions in need of therapy. Many medical and surgical options along with 
a variety of technical devices for treatment of sleep apnoea have been presented; 
many of them with variable treatment outcome due to lack of efficiency, poor 
compliance or due to their invasive and non-tolerable character. 
 
In early 20th century, Pierre Robin designed an external mandibular advancement 
device to treat glossoptosis causing sleep apnoea in his own child and other children 
suffering from what later was to be known as the Pierre-Robin syndrome96.  This 
method for the advancement of the mandible and the tongue was further developed 
during the 1980´s by two research groups, Cartwright and Samuelson97 and Soll and 
George98 to the mandibular advancing device (MAD) also known as mandibular 
retaining devices or oral appliances.  
 
Sullivan et. al. introduced the continuous positive airway pressure (CPAP) for 
treatment of sleep apnoea in 198199, which has been acknowledged as the gold 
standard of treatment in sleep apnoea ever since. Also in 1981 a surgical method for 
treatment of OSA was introduced by Fujita et al.100. Uvulopalatopharyngoplasty 
(UPPP) was a popular treatment initially but is currently not recommended for 
treatment of OSA in many parts of the world1,2.  
 
The history of positional therapy for snoring and sleep apnoea is probably as ancient 
as the history of the mankind. Nevertheless the observed symptom improvement when 
avoiding the supine position has had limited impact in the treatment plan for sleep 
apnoea patients101.  
? ? ?
? ???
DEFINITIONS 
 
 
Snoring and upper airway resistance syndrome 
 
Obstructive sleep apnoea (OSA) is caused by the collapse of the pharyngeal airway 
and is characterized by repetitive reduction (hypopnoea) or cessation (apnoea) of 
respiration during sleep despite respiratory effort24. The disease is of multifactorial 
aetiology and comprises a combination of airway anatomy interacting with 
physiological and habitual mechanisms causing the airway collapse102.  
 
The physiological process of “narrowing” of the airway is gradual and might not 
always lead to OSA. (Figure 6) Snoring is a result of partial airway reduction and 
concomitant increase in air passage through a narrow airway resulting in vibration of 
the soft tissue103. The term upper airway resistance syndrome (UARS) is used when 
the narrowing of the airways and the increased resistance causes an elevated 
respiratory effort, leading to repetitive awakenings, i.e. arousals104. This condition 
does not cause apnoea, hypopnoea nor desaturation, nevertheless the sleep quality is 
reduced and the patient may present symptoms as in OSAS104. UARS may be difficult 
to diagnose and would primarily demand a polysomnographic evaluation for correct 
diagnosis. 
 
Snoring -> UARS -> Hypopnea-> Apnoea 
 
Figure 6 
The progressive airway obstruction from snoring to apnoea. 
 
 
 
Obstructive sleep apnoea 
 
The pathological mechanism for OSA is believed to be the same as for snoring and 
UARS but the condition is more severe and include at least five or more apnoeas or 
hypopnoeas per hour, i.e. apnoea-hypopnoea index (AHI). The AHI is probably the 
most useful and objective way of classification the severity of OSA. The number of 
apnoeas and hypopnoeas per hour, i.e. apnoea-hypopnoea index (AHI), defines the 
severity of OSA. The classification by AHI has three levels; mild (AHI 5-14), 
moderate (AHI 15-30) and severe (AHI >30)24. 
 
The definition of OSA and OSAS has changed over the years. The term obstructive 
sleep apnoea syndrome (OSAS) has traditionally been applied for a clinical entity 
defined by OSA with an AHI ? 5 in conjunction with hypersomnolence or related 
symptoms in the daytime function105. However the definitions have been altered 
during the past years. According to recommendations from the American Association 
of Sleep Medicine (AASM 2005)106, OSA is defined by the occurrence of daytime 
sleepiness, loud snoring, witnessed breathing interruptions, or awakenings due to 
gasping or choking in the presence of AHI ? 5. AHI ? 15 in the absence of sleep 
related symptoms is also sufficient for the diagnosis of OSA due to the greater 
association of severity of obstruction with increased cardiovascular disease risk. 
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EPIDEMIOLOGY AND COMORBIDITY 
 
 
Prevalence 
 
The acknowledged prevalence of OSA and OSAS depend on the variables in the 
population sample and also the definitions applied. The prevalence in OSAS is 
reported to be approximately 2% in females and 4% in males23.  
 
 
Age 
 
The tendency for development of OSA and the severity increase with age. Durán and 
co-workers found that in the age category, 30-70 years, the prevalence increases with 
an odds ratio of 2,2 for each 10 years107. Similarly Young et al. reported that the 
proportion of people with an AHI > 15 is higher in older subjects compared to 
younger subjects108. 
 
 
Gender 
 
The reported male to female ratio for OSA is approximately 2:123. In two studies 
comparing snoring and AHI between middle-aged men and women, Ferini-Strambi 
and co-workers, showed that 7% of the females and 8% of the men snored more than 
50% of the night109,110. The percentage of subjects with an AHI >10 was 9% for 
females and 16% for men. In a retrospective review of 830 OSA patients, O´Connor 
et al. showed that OSA occurred predominantly during REM-sleep in women and that 
OSA in the supine position was more common in men111. 
 
 
Obesity 
 
Obesity is recognized as a contributing factor on the severity of OSA112  
with a 10% increase in weight comprising a 6-fold greater risk of developing 
OSA112,113. The augmentation of fat around the neck, reducing the airway size, along 
with several central effects of obesity are believed to provoke or deteriorate OSA114.  
The estimates in men and women with a body mass index from 25-28 shows that 
roughly one of five adults have at least mild level of OSA and one of 15 has at least 
moderate level107.  
 
 
Cardiovascular disease 
 
Cardiovascular disease is the most important OSA-related morbidity108,113,115,116. 
Sympathetic hyperactivity and imbalance of vasoactive hormones are believed to 
cause OSA-related hypoxia, hypercapnia and hypertension, which predispose to 
cardiovascular diseases117-120. The severity of OSA is also reported to correlate with 
an increased insulin resistance121,122.   
 
? ? ?
? ???
Subjects with moderate or severe OSA have about three times the adjusted odds of 
developing hypertension compared with persons without OSA123.OSA seems to be 
particularly common in patients with resistant hypertension; some studies indicate an 
OSA prevalence of 83% in patients with resistant hypertension, defined as poorly 
controlled hypertension despite the use of three or more antihypertensive agents124. 
Screening for hypertension is recommended in OSA patients125,126. 
 
Several studies indicate a high OSA prevalence (43%-72%) in patients with 
stroke127,128. The Wisconsin Sleep Cohort Study with 18 years of follow-up showed 
an increased hazard ratio (HR:3.0) for all-cause mortality and also cardiovascular-
related mortality (HR:5.2) in OSA-patients after adjusting for potential confounders26. 
Similar findings were reported also by Marshall et al.25 and Marin et al.129.  
 
 
 
PATHOPHYSIOGY 
 
The maintenance of open airways during sleep is the result of the co-function of 
several anatomical and physiological factors102. Alteration in these stabilizing factors 
might lead to dynamic changes that would potentially provoke the development of 
OSA. Some anatomical, physiological, hormonal and habitual factors have been 
recognized but it has not been possible to point out one single factor responsible for 
the development OSA indicating that the disease is of multifactorial aetiology102.  
 
The tendency of apnoea is in general higher in REM (Rapid Eye Movement) than 
non-REM sleep due to the concomitant muscle relaxation in the previous one, 
nevertheless, subjects suffering from OSA show the tendency to airway collapse also 
in non-REM sleep 130. The size of the airway is dependent on the respiratory cycle. 
The cross section area increases during early inspiration and decreases during the end 
of expiration102.  In OSA subjects a progressive cumulative narrowing occurs after 
each respiratory cycle, causing a partial or complete airway obstruction102,131. 
 
Studying the upper airway physiology and anatomy helps us to understand the 
pathological mechanisms causing OSA. The possible effect of certain treatment 
options described in the literature as controversially may be illuminated by the basic 
knowledge in the airway physiology. For instance enlargement surgery of the nasal 
cavity has been proposed for the treatment of OSA but with observed positive and 
negative effect on the severity of disease132-134, which will be further discussed here 
below. 
 
 
Airway anatomy 
 
Several anatomical features may contribute to the development of OSA. The most 
important anatomical factor in the severity of OSA is the pharyngeal soft tissue and 
the tongue. The tongue is larger and the soft palate is both longer and wider in OSA 
patients compared with healthy individuals135. Associated craniofacial variables 
include also a long mandibulo-hyoid distance adeno-tonsillar hypertrophy and nasal 
obstruction, however mandibular and especially maxillary retrognathia seem to be the 
most important factors for the development of OSA in non-obese subjects133,136. 
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Airway physiology 
 
The act of inspiration is possible due to intraluminal (airway) negative pressure 
produced by the respiratory muscles. This negative pressure may potentially cause a 
narrowing or collapse of the flexible airways. A so-called balance of forces model 
describes the counteracting variables influencing the airway size and patency102. 
These variables may produce both dilatation and collapse in the upper airways.  
 
Dilating forces include upper airway muscle tone, tissue elasticity of the airway wall 
structure and positive intraluminal airway pressure102. Collapsing forces include 
pharyngeal tissue mass, surface adhesive forces and negative intraluminal pressure 
produced by inspiration 102. These forces act on the airway walls and the resulting 
difference determines the upper airway size. 
 
The physiological model of the airways is described by three principle forces 
interacting to determine the supraglottic airway size at sleep, i.e. Bernoulli, Starling 
pressure forces, and gravity102,137. The forces act synergistically to cause or deteriorate 
the severity of sleep apnoea and are always present to some extent. The impact of 
these forces is maximized when the muscle tone is at a minimum level, hence 
typically in REM-sleep. To understand the impact of these forces a soft and 
collapsible tube could be used as a model for the upper airways (Figure 7). 
 
 
 
 
Figure 7 
In the Starling resistor model, the upper airway is represented as a tube with a collapsible segment. 
The nasal and the hypopharyngeal segments have fixed resistances (RN and RHP) and intraluminal 
pressures (PN and PHP), respectively. Collapse in the middle section occurs at a critical pressure (Pcrit) 
when the pressure surrounding the airway becomes greater than pressure within the airway. 
(Image modified from Woodson 2007) 
 
 
 
The act of inspiration causes a negative pressure in the airways. Using the collapsible 
tube in the Starling resistor model, the effect of the negative intraluminal pressure on 
the collapsible pharyngeal airways becomes clear. The higher the negative pressure 
within the system, hence either negative pressure produced by the respiratory muscles 
? ? ?
? ???
or suprapharyngeal obstruction, the greater the negative intraluminal pressure that 
may collapse the pharynx102(Figure 7). 
 
One of the basic laws of physics in aviation, Bernoulli, explains how the soft tissue 
may collapse with the rapid passage of air through pharynx. Bernoulli's principle 
states that with reduced diameter, an increase in air velocity occurs simultaneously 
with a decrease in pressure137. The smaller the transverse diameter of the tube, the 
higher the speed of the air, the lower the intramural pressure hence the greater 
tendency of collapse138(Figure 8).   
 
 
 
 
 
Figure 8 
The Bernoulli principle states high intraluminal pressure with low velocity in the segments of the tube 
with large diameter and higher speed and lower pressure in the middle section with small diameter. 
 
 
 
The Starling resistor model and the Bernoulli may illuminate the theoretical 
background of the disease but the uncertainty of the actual dominating physical force 
in each individual is a clinical dilemma. For instance enlargement surgery of the nasal 
cavity is not a recommended treatment option for OSA due to controversial effect 
observed in the clinical trials132-134. According to the theoretical model presented in 
cases where the starling resistor is the dominant collapsing force, enlargement surgery 
of the nasal cavity might help reducing the airway collapse (Figure 7). On the other 
hand when the effect of Bernoulli is the dominating cause of obstruction any surgical 
attempts of enlarging the space above the level of pharynx may lead to more air 
entering and passing through a tight hypopharynx, producing higher air speed, lower 
pressure and theoretically more tendency of airway collapse139 (Figure 8).  
 
The third and probably the most important physical force, influencing the upper 
airways, was first described by Sir Isaac Newton (1642-1727) observing an apple 
falling from a tree. The gravity produces its greatest vector on the tongue when lying 
on the back in the supine position140. When the sleeping position is altered to the side 
this vector is reduced141. The exploration of an altered gravity vector has been one of 
the bases of this thesis. 
 
 
 
 
? ? ?
? ???
Airway physiology 
 
The act of inspiration is possible due to intraluminal (airway) negative pressure 
produced by the respiratory muscles. This negative pressure may potentially cause a 
narrowing or collapse of the flexible airways. A so-called balance of forces model 
describes the counteracting variables influencing the airway size and patency102. 
These variables may produce both dilatation and collapse in the upper airways.  
 
Dilating forces include upper airway muscle tone, tissue elasticity of the airway wall 
structure and positive intraluminal airway pressure102. Collapsing forces include 
pharyngeal tissue mass, surface adhesive forces and negative intraluminal pressure 
produced by inspiration 102. These forces act on the airway walls and the resulting 
difference determines the upper airway size. 
 
The physiological model of the airways is described by three principle forces 
interacting to determine the supraglottic airway size at sleep, i.e. Bernoulli, Starling 
pressure forces, and gravity102,137. The forces act synergistically to cause or deteriorate 
the severity of sleep apnoea and are always present to some extent. The impact of 
these forces is maximized when the muscle tone is at a minimum level, hence 
typically in REM-sleep. To understand the impact of these forces a soft and 
collapsible tube could be used as a model for the upper airways (Figure 7). 
 
 
 
 
Figure 7 
In the Starling resistor model, the upper airway is represented as a tube with a collapsible segment. 
The nasal and the hypopharyngeal segments have fixed resistances (RN and RHP) and intraluminal 
pressures (PN and PHP), respectively. Collapse in the middle section occurs at a critical pressure (Pcrit) 
when the pressure surrounding the airway becomes greater than pressure within the airway. 
(Image modified from Woodson 2007) 
 
 
 
The act of inspiration causes a negative pressure in the airways. Using the collapsible 
tube in the Starling resistor model, the effect of the negative intraluminal pressure on 
the collapsible pharyngeal airways becomes clear. The higher the negative pressure 
within the system, hence either negative pressure produced by the respiratory muscles 
? ? ?
? ???
or suprapharyngeal obstruction, the greater the negative intraluminal pressure that 
may collapse the pharynx102(Figure 7). 
 
One of the basic laws of physics in aviation, Bernoulli, explains how the soft tissue 
may collapse with the rapid passage of air through pharynx. Bernoulli's principle 
states that with reduced diameter, an increase in air velocity occurs simultaneously 
with a decrease in pressure137. The smaller the transverse diameter of the tube, the 
higher the speed of the air, the lower the intramural pressure hence the greater 
tendency of collapse138(Figure 8).   
 
 
 
 
 
Figure 8 
The Bernoulli principle states high intraluminal pressure with low velocity in the segments of the tube 
with large diameter and higher speed and lower pressure in the middle section with small diameter. 
 
 
 
The Starling resistor model and the Bernoulli may illuminate the theoretical 
background of the disease but the uncertainty of the actual dominating physical force 
in each individual is a clinical dilemma. For instance enlargement surgery of the nasal 
cavity is not a recommended treatment option for OSA due to controversial effect 
observed in the clinical trials132-134. According to the theoretical model presented in 
cases where the starling resistor is the dominant collapsing force, enlargement surgery 
of the nasal cavity might help reducing the airway collapse (Figure 7). On the other 
hand when the effect of Bernoulli is the dominating cause of obstruction any surgical 
attempts of enlarging the space above the level of pharynx may lead to more air 
entering and passing through a tight hypopharynx, producing higher air speed, lower 
pressure and theoretically more tendency of airway collapse139 (Figure 8).  
 
The third and probably the most important physical force, influencing the upper 
airways, was first described by Sir Isaac Newton (1642-1727) observing an apple 
falling from a tree. The gravity produces its greatest vector on the tongue when lying 
on the back in the supine position140. When the sleeping position is altered to the side 
this vector is reduced141. The exploration of an altered gravity vector has been one of 
the bases of this thesis. 
 
 
 
 
? ? ?
? ???
Snore induced mechanical damage & gastro-oesophageal reflux 
disease 
 
In a healthy individual, counter-acting neuromuscular forces sustain the patency of the 
airways. The dilator muscles are activated by mechanoreceptors to respond to the 
inspiratory negative pressure142. Apnoea and snoring may cause a mechanical trauma 
leading to oedema and damage to both musculature and motor sensor neurons143,144. 
The mechanical damage causes an impairment of the normal neuromuscular function, 
which may reduce the dilator function and compromise the stability in the airways 
during sleep143,144. In a similar way Gastro-oesophageal reflux disease (GERD) may 
play a role in the development of OSA by causing upper airway inflammation and 
tissue damage. Some trials have shown that proton pump inhibitors may improve the 
severity of OSA145,146. 
 
 
 
DIAGNOSTIC MEASUREMENTS AND METHODS 
 
Many different symptoms are associated with OSA. The correct diagnosis of disease 
is dependant on the combination of clinical history and examination together with 
supplementary examinations. Questionnaires and functional tests are also used for the 
evaluation of excessive daytime sleepiness (EDS). There are disadvantages related to 
all types of tests. The objective tests are normally more complicated to perform and 
time consuming. Questionnaires are sensitive to recall bias, motivation, degree of 
education, fatigue and personality147. Some of the most common examinations and 
tests are referred to here below.  
 
 
Sleep study 
 
The term polysomnography (PSG) refers to the monitoring and recording of multiple 
sleep-related signals. PSG records simultaneously neurophysiological, 
cardiopulmonary and other physiological parameters over the course of several 
hours148.  
 
By PSG the following sleep stages can be identified: non-Rapid Eye Movement (non-
REM) 1,2 and 3 (N1, N2 and N3 respectively) and stage REM (R)24. The most 
important electrodes for sleep staging are the EEG, electro-oculogram (EOG), and 
chin electromyogram (EMG). The EEG wave-form along with registration of muscle 
activity helps in identifying the different stages. The REM-sleep is known to have a 
significant effect on the severity of OSA, with greater length of apnoeas, greater 
hypoxaemia and greater hypercapnia130.  
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Four types of sleep studies are available depending on the number of physiological 
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both sleep and cardiorespiratory functions including EEG, EOG, chin EMG, 
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Level II: A portable PSG where the examination is basically the same as level I with 
the exception of heart rate replacing the ECG and the technician not being at constant 
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Level III: PG-studies with the measurement of a minimum of four parameters 
including ventilation (at least two channels of respiratory movement, or alternatively 
airflow and respiratory movement), heart rate or ECG and oxygen saturation. 
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Level IV: Continuous recording of at least one parameter, usually oxygen saturation 
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Current recommendations provided by the Swedish SBU confirm that manually 
scored portable devices (level III) monitoring airflow, respiratory effort and blood 
oxygen saturation have sufficiently high sensitivity and specificity to identify and 
classify OSA150. Recent studies also confirm the high correlation between AHI 
achieved in PSG and PG151,152. However the objective sleep time and arousals cannot 
be assessed with PG. 
 
Positional sleep apnoea & night-to-night variability 
 
The number and duration of respiratory disturbances in patients with OSA depend on 
body position and sleep stage141. In an early study, Gastaut et al. described the 
aggravating effect of the supine position on OSA153 .The lateral position is believed to 
reduce the tendency for the tongue to fall backward, making the collapse of the 
pharynx less likely, as compared with the supine position. Cartwright et al. suggested 
a categorization of the patients suffering from OSA into positional and non-positional 
based on the supine and lateral sleep time141 .The patients with positional obstructive 
sleep apnoea (POSA) were recognized as having twice as many apnoeas in the supine 
position compared with the lateral positions141.  
 
According to the SBU report, the result of AHI of two different nights are relatively 
similar, however several studies claim the contrary154,155. The traditional classification 
based on AHI does not take into account the position of the body, the head nor the 
acknowledged night-to-night variability in the respiratory parameters154,156,157.  
 
 
Questionnaires 
 
Symptoms related to daytime sleepiness often accompany the OSA(S) patient. In 
addition to a thorough medical history, including evaluation of other somatic and 
psychiatric disorders, as well as habitual and medical factors, the evaluation is often 
complemented by questionnaires. Unfortunately there is often a discrepancy between 
the objective signs for the severity of disease and the symptoms reported by the OSA-
patient7,150,158. The questionnaires are therefor unreliable for the diagnostic of OSA 
and are primarily used to map out the associated symptoms. 
 
The most validated and used questionnaire for the evaluation of excessive daytime 
sleepiness (EDS) is the Epworth sleepiness scale (ESS)159 (Figure 10). This is a self-
administered questionnaire on the subjective likelihood to fall asleep in eight different 
common daily situations. The eight questions are rated by a four-point scale (0-3) 
with a total score of 24, with the probability of mild sleepiness with a score of 8-10, 
moderate with a score of 11-14, severe with a score of 16-20 and excessive with a 
score of 21-24159. Other questionnaires include the Stanford sleepiness scale, the 
Karolinska sleepiness Scale and Quality of Life questionnaires. 
? ? ?
? ???
 
Figure 10 
Epworth Sleepiness Scale (ESS) 
 
?
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The evaluation of EDS through objective testing is normally time consuming and not 
available at all sleep laboratories. Such tests include the multiple sleep latency test 
(MLST), maintenance of wakefulness (MWT) and the OSLER test. Unfortunately the 
results of the questionnaires and objective testing may be poorly correlated to each 
other160. 
 
 
Other examinations 
 
Studies such as Mallampati classification modified by Friedman, lateral 
cephalometry, computer tomography (CT), magnetic resonance imaging (MRI) and 
flexible nasal endoscopy of the upper airways have been used for classification and 
diagnosis of OSA and also detection of the level of obstruction161,162. An important 
limitation in all these methods is that they are generally conducted in an awaken 
patient giving a limited comprehension of the pathology during sleep. 
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TREATMENT OPTIONS 
 
 
Lifestyle 
 
A thorough medical history and clinical examination should map out and reduce the 
predisposing factors such as obesity, consumption of tobacco, alcohol and sedatives. 
Weight loss together with life style changes should be considered as treatment in all 
patients with OSA2,150.  
 
 
Continuous Positive Airway Pressure  
 
Since Sullivan et. al. introduced the continuous positive airway pressure (CPAP) in 
198199, it has become the first line of treatment for OSA patients2. The equipment 
functions as a pneumatic splint preventing the upper airway from collapsing during 
sleep. 
  
Considering the balance of forces previously described, CPAP seems to influence the 
Starling pressure forces by reducing the negative intraluminal inspiratory pressure and 
in fact producing a positive pressure by forcing the air into the airways. The negative 
pressure in the Bernoulli formula is also reduced due to prevention of decrease in the 
transversal diameter and subsequent reduction in air speed.  
 
For adherents to treatment, polysomnographic outcomes, the mean values for AHI, 
oxygen saturation and sleep fragmentation favour CPAP in most studies2,150,163,164. 
CPAP is indeed efficient in treating OSA independent of the level of obstruction with 
objective improvements in sleep quality, oxygen saturation during sleep, cognitive 
performance, daytime alertness and also control of systemic hypertension and 
reduction of cardiovascular mortality26,165,166.  
 
The long-term compliance with CPAP is dependent on side effects and patient 
motivation7,167,168. For the CPAP-users 100% compliance has been defined as 20 
hours of usage per week, meaning at least four hours of usage in five of seven days in 
a week167. Some studies indicate a median compliance of approximately 50-68% after 
one to four years4,6 and that many patients are non-adherent to CPAP treatment > four 
hours per night7. 
 
 
Mandibular Advancement Device 
 
Mandibular Advancement Device (MAD) is recommended as the second line of 
treatment for patients with OSA2,150 and is primarily indicated in patients with 
snoring, UARS and also mild to moderate OSA without known cardiovascular 
disease. 
 
MAD acts by pulling forward the mandible and the soft tissue creating an increase in 
the volume of the pharyngeal airway as well as increasing airway stability169,170. This 
effect is similar to the genioglossus muscle function in reducing the tendency of the 
? ? ?
? ???
tongue to fall backwards171 hence reducing both the Starling and the Bernoulli effect 
in collapsing the hypopharynx. 
 
Even though MAD has been found to have a positive long-term impact on several 
OSA symptoms such as daytime sleepiness, morning headache and daytime naps in 
compliant patients172, it has shown to be less effective than CPAP in reducing both 
excessive daytime sleepiness and AHI150. POSA seems to be positive predictor for 
MAD treatment efficiency173,174 
 
 
Surgery 
 
Fujita introduced the uvulopalatopharyngoplasty (UPPP) in 1981 as a surgical 
treatment for OSA100. UPPP comprises a reduction of the palatal and pharyngeal 
redundancy by tonsillectomy and resection of excess mucosal and submucosal tissue 
in the pharyngeal area.  
 
Initially the technique was considered a great success but later, Sher and co-workers 
reported only 40% success rate in achieving long-term cure175. In fact, some studies 
have described patients, who have worsened after UPPP both objectively observed by 
PSG, and subjectively by increased daytime sleepiness176. 
 
This surgical procedure is not recommended in many parts of the world due to 
unreliable results and complications associated with the surgical procedure2,150,177. A 
recent thesis by Browaldh in the evaluation of surgical methods shows possible 
improvement of the results applying specific models for selection of the surgical 
candidates178. 
 
Two efficient surgical options in the treatment of OSA are maxillomandibular 
advancement (MMA) and tracheostomy. Both methods have shown promising short- 
and long-term results in cohort studies179,180. However, due to the invasive character 
of these surgical technique they are not applied as common treatment options for 
OSA. 
 
 
Positional Therapy 
 
The lateral position is believed to reduce the tendency for the tongue to relapse 
posteriorly, making collapse of the pharynx less likely, as compared with the supine 
position. Approximately 50% of the patients with OSA have a reduction ? 50% and 
30% of the patients a reduction of < 50 % in the apnoea-hypopnoea index (AHI) when 
altering the sleep position from the supine to the non-supine positions181-185. The 
change in the severity of disease due to the sleep position has been observed but the 
studies have mainly been performed on the supine and lateral positions101. 
 
Simple behavioural treatment modalities, designed to maintain a non-supine body 
position at night, have been effective in treating many patients with positional OSA. 
One of the first described therapies to reduce snoring and to improve OSA is the so-
called “tennis ball technique”. A tennis ball is sewn into the pyjamas or fastened by a 
belt to the back of the patient in order to reduce the time spent in the supine 
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position186. This treatment has been shown to reduce the supine time and to improve 
AHI in patients with POSA186,187. Inspired by the tennis ball technique, several other 
positional methods have been developed primarily to reduce the time spent in the 
supine position and to increase the time spent in the lateral positions188,189. 
 
Regardless of the simplicity and potential efficiency in about 80% of the OSA-
patients the clinical impact of positional therapy has been limited101. With the 
exception of a few case reports190-192, there is limited experience regarding the effect 
of prone positioning on the severity of disease in adults with OSA, which has been the 
proposed treatment option in this thesis. 
 
 
 
BACKGROUND OF THE HYPOTHESIS 
 
One central questions in this thesis was to determine why the human body is so 
vulnerable and exposed to repetitive collapse of the airways during sleep. In the 
animal kingdom sleep apnoea seems to be a rare phenomena. With the exception of 
few recognized species most animals seem to avoid apnoeas during sleep. Indeed 
human being is one of the few mammals preferring the supine sleeping position and 
also one of the few vertebrates with observed sleep apnoea.   
 
 
 
 
 
Figure 11 
Animals sleeping. 
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The gravity is considered to contribute to the collapse of the airways at the level of 
hypopharynx by pulling the soft tissue towards the posterior pharyngeal wall in the 
supine position102. The lateral position has proven to reduce the tendency of airway 
collapse and severity in disease in patients with OSA. Considering the observed 
improvement in the lateral positions, the prone position should have an additional 
effect by reversing the gravity and pulling the soft tissue towards the mouth, hence 
producing a larger trans-sectional area in the pharynx.  
 
 
           
 
 
 
Supine    Prone 
 
Figure 12 
The hypothetical alteration of airway size with altered gravity vector from the supine to the prone 
position. 
 
 
 
Recalling the 3 principle forces influencing the patency of the pharyngeal airways, 
sleeping in the prone position should theoretically: 
 
1. Reverse the negative effect of the gravity at the level of the hypopharynx, 
pulling forward the lower jaw and the soft tissue, hence producing a larger 
trans-sectional area and reducing the tendency for airway collapse. 
 
2. Increase the trans-sectional area in the pharynx, which reduces the velocity of 
the inspiratory air, hence reducing the negative intraluminal pressure in the 
Bernoulli equation. 
 
 
3. Stabilize the pharyngeal airways by pulling the soft tissue forward and hence 
counteracting the collapsing mechanism described in the Starling resistor 
model. 
 
The idea of prone positioning in the treatment of OSA arose from this theoretical 
background. Nevertheless the present thesis focused on the clinical outcome of this 
proposed treatment and not the study of the physiological mechanisms.   
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HYPOTHESIS AND AIMS 
 
The principal aim of this part of the thesis was to develop and study the compliance 
and effect of a new mattress and pillow facilitating prone positioning on severity of 
disease in adults with OSA. A summary of the major research hypothesis is presented 
below. 
 
 
What are the important factors in the development of OSA? 
 
The question of why the human being has been “cursed” with sleep apnoea and not 
many other vertebrates has been raised before. A literature study was conducted to 
identify different anatomical, physiological, hormonal and habitual factors 
deteriorating and/or improving the severity of sleep apnoea. Gravity and sleeping in 
the supine position were identified as two important factors. 
 
 
What is the effect of the prone body and head position on the severity 
of disease in patients with OSA? 
 
Previous studies have evaluated the effect of the body position in the severity of 
disease in patients with OSA. Nevertheless, the studies have mostly been limited to 
the supine and the lateral positions. Our theoretical studies of the airway physiology 
suggest that the prone body and head position may reverse the gravity vector and 
diminish the tendency of airway collapse during sleep.  
 
 
How can we make it possible for the patient to sleep in the prone 
body and head position in a normal bed? 
 
Traditional beds are primarily designed to sleep in the supine and to lesser extent also 
in the lateral positions. However it is difficult to sleep in the prone head position 
during a longer time in a normal bed. One of the goals of the present thesis was to 
create a new mattress and pillow to facilitate prone positioning. 
 
 
What is the short versus long-term effects of prone positioning in 
patients with OSA?
 
The experience regarding the prone sleeping position is limited. The effect on the 
respiratory parameters, sleep architecture, tolerability and possible side effects were 
evaluated in this thesis. 
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PAPER SUMMARIES 3 & 4 
 
This chapter will primarily deal with the general aspects of the applied methodology 
and the achieved results in the papers. Some of the most important steps in the 
development of the mattress and pillow will be discussed. For the detailed protocol 
and the specific results for each experiment, the reader is referred to the respective 
manuscript. 
 
 
Materials and methods 
 
A new mattress and pillow for prone positioning 
 
A true prone sleep position was defined as a prone body and head position with the 
nose mostly perpendicular to the underlying surface. For this purpose a mattress and a 
pillow facilitating prone positioning were designed and created.   
 
The main purpose of the mattress and pillow for prone positioning (MPP) was to 
provide a comfortable sleep position that would make it possible for the patient to lie 
with his/her body and head in the prone position most of the night. The MPP should 
be compatible with a bed to avoid the practical problem of changing the whole bed for 
the purpose of the study. The pillow should provide sufficient support for comfortable 
prone positioning of the head and at the same time allow for air exchange to maintain 
normal breathing without the sensation of heat or asphyxiation. During the course of 
this thesis approximately 40 different models for mattress and pillow were developed 
and clinically tested. 
  
 
 
 
Figure 13 
December 2008, the author during the process of development and testing. 
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How can we make it possible for the patient to sleep in the prone 
body and head position in a normal bed? 
 
Traditional beds are primarily designed to sleep in the supine and to lesser extent also 
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evaluated in this thesis. 
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PAPER SUMMARIES 3 & 4 
 
This chapter will primarily deal with the general aspects of the applied methodology 
and the achieved results in the papers. Some of the most important steps in the 
development of the mattress and pillow will be discussed. For the detailed protocol 
and the specific results for each experiment, the reader is referred to the respective 
manuscript. 
 
 
Materials and methods 
 
A new mattress and pillow for prone positioning 
 
A true prone sleep position was defined as a prone body and head position with the 
nose mostly perpendicular to the underlying surface. For this purpose a mattress and a 
pillow facilitating prone positioning were designed and created.   
 
The main purpose of the mattress and pillow for prone positioning (MPP) was to 
provide a comfortable sleep position that would make it possible for the patient to lie 
with his/her body and head in the prone position most of the night. The MPP should 
be compatible with a bed to avoid the practical problem of changing the whole bed for 
the purpose of the study. The pillow should provide sufficient support for comfortable 
prone positioning of the head and at the same time allow for air exchange to maintain 
normal breathing without the sensation of heat or asphyxiation. During the course of 
this thesis approximately 40 different models for mattress and pillow were developed 
and clinically tested. 
  
 
 
 
Figure 13 
December 2008, the author during the process of development and testing. 
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Several prototypes consisting only of a pillow were tested. Due to the necessary 
elevation of the head in the prone position and the hyperextension in the neck it is was 
mandatory to also elevate the rest of the body. To achieve anatomical angles in the 
shoulders and hips, firm supports below the chest and the hip were necessary.  
 
One of the first complete MPP models (Figure 14:1) consisted of a circular pillow 
with ventilation shunts for positioning of the head. The pillow would be combined 
with a set of supporting mattresses to be positioned beneath the chest and the hip of 
the patient. This mattress set provided a prone position similar to the position used in 
the operating theatre for spinal surgeries. However, prone positioning with the 
mattresses proved to be unstable during sleep making it probable for the patient to 
deviate from the desired position and the circular pillow did not permit sufficient air 
exchange during sleep. 
 
 
 
 
Figure 14 
Some of the most important steps in the development of the mattress and pillow models. 
Chronologically one of the first models from 2008 is on the top left and one of the last models from 
2010 on the bottom right. 
 
 
 
Another important prototype consisted of a mattress with a wider space for air 
exchange assuming a rectangular shape with central and lateral air shunts providing 
improved ventilation and stability (Figure 14:3 and 14:4). The mattress was 
eventually inclined to elevate the upper body and provided a firm support under the 
? ? ?
? ???
chest (Figure 14:5 and 14:6). Nevertheless air exchange and individual adaptation for 
the degree of extension and flection in the neck was limited, producing heat in the 
face and in some cases neck pain. 
 
As suggested by Raquel Silva, a division was made separating the head support from 
the body mattress (Figure 14:7 and14:8). The result was improved ventilation and the 
possibility of individual adaptation regarding the firmness and height of the pillow 
relative to the mattress. The main problem with this set was the feeling of excessive 
pressure focused on the forehead, causing discomfort and deviation from the desired 
position during sleep.  
 
A basically T-shaped pillow was then designed to allow for sufficient air exchange, 
support of the forehead and one side of the face, distributing the pressure over a larger 
area of the face, i.e. forehead and one of the cheeks with the option of supporting the 
chin on the mattress (Figure 14:9 and 15). 
 
 
Figure 15 
The T-shaped pillow with the distribution of the pressure over a larger area of the face with 
preservation of space for air exchange. 
 
 
 
Another problem was the sensation of pressure and paraesthesia in the arms after 
sleeping in the desired prone position for some hours. The mattress was excavated on 
the top laterals to avoid pressure on the arms (Figure 14:8 and 14:9).  
 
Some patients deviated from the desired position during the night. Several strap 
mechanisms for the head and the body were designed but abandoned due to possible 
discomfort and to avoid the sensation of being “trapped”. To improve comfort and 
adaptability according to body configuration and also to prolong the hours of sleep in 
the desired position, a visco-elastic (memory) foam was introduced and used.  The 
material reacted to body heat, assuming the shape of the subject lying on the mattress 
and pillow, which permitted individual adaptation depending on the body shape. After 
lying on the mattress, the temperature sensitive visco-elastic material would transform 
the mattress into a mould of the body shape, which would help maintaining the 
desired position.  
 
The final result consisted of a mattress and the T-shaped pillow to be positioned upon 
a normal bed in the desired orientation (Figure 16). As suggested by Hasse Ejnell the 
mattress was provided in different sizes for improved compliance and adjustability 
depending on the personal preferences of the subjects.  
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Figure 16 
The T-shaped pillow and the mattress with lateral excavations, which permitted comfortable 
positioning of the arms during sleep. 
 
 
 
The MPP provided also a comfortable lateral positioning with one side of the face 
resting on the pillow and comfortable positioning of the shoulder and the arm in the 
space between the mattress and the pillow, reducing undesirable body pressure on the 
upper extremity (Figure 17). However due to the design and the material of the MPP 
supine positioning would be difficult.  
 
 
 
Figure 17 
Left: Subject in a prone body and head position with the nose mostly perpendicular to the underlying 
bed with anatomical angles in the shoulders and the elbows. Right: Lateral sleep position with 
comfortable placement of the shoulders and the arms. 
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Diagnostic methods 
 
In paper 3, polygraphic (PG) and polysomnographic (PSG) equipments were used for 
sleep study. In paper 4 PSG sleep studies were performed. 
 
 
Results 
 
In paper 3, in the 27 patients that completed the study protocol, the median AHI 
decreased from 23 to 7 (p<0.001) and the median oxygen desaturation index (ODI) 
from 21 to 6 (p<0.001) in the MPP. The median time spent in the supine position 
decreased from 142 to < 1 minutes (p<0,0001) and the median time in the prone 
position increased from <1 to 330 minutes  (p<0,0001) with the MPP. In general, 
patients with POSA had greater effect of the treatment; nevertheless 42% of the 
patients with non-POSA were also responders. Overall sleep duration and sleep 
quality did not change. 
 
In paper 4, in the 14 eligible patients, the mean AHI and ODI decreased from 26 and 
21 to 8 and 7 respectively (p<0.001) with the MPP.  The mean total sleep time was 
390 minutes during the first night and 370 minutes during the second night with the 
MPP (P=0.7). The mean time spent in the supine position was reduced from 128 to 10 
min (p=0.02) and the prone time increased from 42 to 174 min (p=0.02) with the MPP 
whilst the time spent in the lateral positions was similar. Mean SaO2-min increased 
from 80 (min:54;max:91) to 87% (min:78;max:93) (p<0.05). All patients managed to 
sleep on the MPP > four hours per night during the four-week study.  
 
 
Discussion 
 
Based on the acknowledged aggravating effect of the supine position on the severity 
of disease in patients with OSA, a new mattress and pillow for prone positioning were 
developed to theoretically reverse the gravity effect. Our observations indicate 
reduced airway collapse with improved AHI and ODI when sleeping in the prone 
position with the mattress and pillow as compared with both supine and lateral 
positions on a normal mattress.  
 
The MPP seemed to reduce the time spent in the supine position and increased the 
time spent in the prone position. Significant reductions of AHI and ODI were 
observed in OSA patients but in particular in POSA patients. This was achieved by a 
reduction in the supine time and an increase in the prone sleep time with no observed 
disruption of sleep duration or sleep quality. In general POSA-patients seemed to 
have greater effect of the treatment. Compliance for the four-week study (paper 4) 
was satisfactory with all the patients completing the study with sleep time of ? 4 
hours per night with the MPP.  
 
A limitation in the methodology was the failure in monitoring of the position of the 
head in all the patients (paper 4).  Another limitation was the short follow-up time, 
which makes it impossible to predict the long-term efficiency and compliance with 
the treatment.  
 
? ? ?
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Conclusions 
 
Human-being is one of the few recognised species with an acknowledged high 
prevalence of OSA. The prone sleep position seems to be a beneficial sleep position 
for patients suffering from OSA. This novel concept with the new mattress and pillow 
for prone positioning reveals promising results in treatment of OSA patients. 
 
 
Future perspectives 
 
Future studies should assess the long-term compliance and efficiency of this method.  
The head position seems to have an important impact on the severity of OSA and 
monitoring of the body and head position should be included in sleep studies. Based 
on the feed-back of the patients several options for mattresses are necesary for 
personal adaptation. These alternatives should include different lengths and viscosities 
of the mattress. 
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SUMMARY IN SWEDISH 
 
       
Populärvetenskaplig sammanfattning 
 
 
 
Två nya icke-kirurgiska behandlingsmetoder för  
öronkatarr hos barn och sömnapné hos vuxna 
 
 
Öronkatarr hos barn och sömnapné hos vuxna är två vanligt 
förekommande sjukdomar. Ett flertal kirurgiska och icke-kirurgiska 
metoder har utvecklats för behandling av dessa sjukdomar men flera av 
dem har otillräcklig följsamhet och/eller medicinsk effekt. Det 
övergripande syftet med denna avhandling var att utveckla och testa två 
nya icke-kirurgiska behandlingsmetoder för dessa sjukdomar. 
 
 
Öronkatarr 
 
Hörselnedsättning är det vanligast förekommande funktionshindret hos 
barn. Öronkatarr är den vanligaste orsaken till hörselnedsättning hos barn. 
Öronkatarr beror på undertryck och ansamling av vätska i mellanörat, 
vilken oftast uppstår efter en förkylning eller öroninflammation. I Sverige 
insjuknar årligen 400.000 barn i öronkatarr. Årligen opereras ca 10.000 
barn, oftast i åldern 2-6 år, med plaströr. Denna kirurgiska behandling är 
den vanligaste operationen utförd under narkos på barn i hela världen.   
 
En ny metod för tryckutjämning utvecklades och testades på barn i åldern 
2-8 år med kvarstående öronkatarr uppsatta på väntelista för operation 
med plaströr. I vår första studie fann vi att den nya metoden var effektiv 
på ca 80% av barnen och att barn från 2 års ålder kunde använda 
behandlingen.  
 
I en andra studie testades den nya metoden för tryckutjämning på 45 barn 
som stod på väntelistan för operation med plaströr. Efter 4 veckors 
behandling fann vi att trycket i mellanörat och hörseln förbättrats för de 
flesta barnen. Barnen följdes upp i totalt 12 månader och om ny 
öronkatarr uppstod, kunde behandlingen upprepas. Enbart 20% av barnen 
behövde opereras med plaströr under året, medan resten undvek 
operation.  
 
? ? ?
? ???
 
Sömnapné 
 
Många människor snarkar och en del snarkare har även andningsuppehåll 
under sömnen. Andningsuppehåll under sömnen kallas sömnapné och gör 
att man får upprepade sänkningar av syremättnaden och en splittrad 
sömn. Sömnapné drabbar upptill 20% av befolkningen i medelåldern.  
 
Effekten av kroppens läge på snarkning och sömnapné är känd sedan 
länge. Man vet att ryggläge är det sämsta sovläget för sömnapnoiker och 
snarkare och att upptill 80% av patienterna blir bättre av att ligga på 
sidan. Människan är ett av de få däggdjuren med känd sömnapné.  Till 
skillnad från människan, sover de flesta djuren på magen.  
 
I den tredje studien värderades effekten av magläge på sömnapné hos 32 
patienter. För att kunna utföra studien, utvecklade vi en madrass och 
kudde som möjliggjorde att patienterna sov på magen. Antalet 
andningsuppehåll per timma sömn minskade i genomsnitt från 23 till 7 
när patienterna sov på madrassen och kudden. Denna förbättring 
åstadkoms genom att sovtiden på rygg minskade kraftigt och sovtiden på 
magen ökade i motsvarande grad. 
 
I den fjärde studien, värderade vi effekten av magläge på sömnapné samt 
möjligheten att sova på madrassen och kudden under 4 veckor. Samtliga 
15 patienter klarade av att sova varje natt på madrassen och kudden under 
testperioden. Antalet andningsuppehåll per timma sömn minskade i 
genomsnitt från 26 till 8. 14 av 15 patienter valde att fortsätta sova på 
madrassen och kudden som behandling för sin sjukdom. 
 
Resultaten från studierna vid Sahlgrenska Universitetssjukhuset är 
lovande men fler studier är nödvändiga för att bekräfta effekten av dessa 
nya icke-kirurgiska metoder. Den nya metoden för tryckutjämning kan i 
framtiden utgöra ett möjligt behandlingsalternativ för barn med 
öronkatarr för att eventuellt undvika operation med plaströr. Madrassen 
och kudden för magläge kan hos patienter med snarkning och sömnapné 
vara ett alternativ till andra befintliga behandlingsmetoder. 
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